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In cases of severe atopic dermatitis (AD) and lack of response to topical treatment, it is recommended to consider administration of the following: cyclosporine A (CyA) or dupilumab, methotrexate (MTX), azathioprine (AZA), mycophenolate mofetil (MMF), glucocorticoids (GCs) \[[@cit0001]--[@cit0010]\].

Prior to administration of immunosuppressive treatment it is recommended to:

-   confirm the diagnosis of AD;

-   excluding:

    -   disease-exacerbating factors,

    -   possibility of infections,

    -   comorbidities,

    -   contact eczema.

Cyclosporine A (CyA) is recommended as the first-line drug in severe cases of chronic AD in adults. In children and youths its application should be considered only in severe AD cases by a physician with appropriate experience. Recommendations regarding the use of the drug in children are based on results of single cohort studies and individual randomized cohort studies (off-label recommendations) \[[@cit0003], [@cit0011], [@cit0012]\]. Cyclosporine A decreases inflammation, area of lesions, and pruritus intensity, as well as improves the quality of sleep. An initial recommended drug dose is 5 mg/kg body weight/day with a reduction of 0.5--1 mg/kg body weight/day every 2 weeks, when clinical efficacy has been reached. Beneficial effects of CyA include a decrease in pruritus and skin inflammation, and is observed already within 2-- 6 weeks of treatment introduction \[[@cit0003], [@cit0011], [@cit0012]\]. It is recommended to administer CyA in cycles that last 12 weeks on average. Discontinuation of the drug is associated with recurrence of skin lesions within several weeks since the discontinuation of the treatment, however, it is assessed that condition of patients' skin does not return to the same condition as before the CyA treatment \[[@cit0011], [@cit0012]\]. Dose decrease should be considered with regard to clinical efficacy. In some cases it may be recommended to opt for a long-term treatment with the lowest clinically effective dose \[[@cit0003]\]. The drug may also be administered in a long-term continuous therapy. CyA treatment duration depends on the clinical efficacy and drug tolerance, however, the treatment should not exceed 2 years and must be accompanied with thorough monitoring of possible serious adverse reactions. Despite the fact that many patients tolerate a much longer than 2 years therapy with a low CyA dose, after 2 years of the CyA therapy is should be attempted to discontinue the treatment or change the drug to another one that is administered generally \[[@cit0003]\]. In some patients a so-called weekend therapy is effective; it allows for decreasing an accumulative dose. A close monitoring of patients is recommended. Frequent adverse reactions of CyA (e.g. nephrotoxicity, hypertension) speak against the long-term AD treatment with CyA, and 3--6-month intervals are suggested \[[@cit0003]\].

Despite unquestionable efficacy of CyA in AD treatment, the use of this drug is associated with the risk of serious adverse reactions. Most of the side effects appear during the therapy, and subside after the drug is discontinued. In order to prevent them or decrease the risk for their appearance, it is recommended to monitor the treatment closely. Patients taking the drug should undergo regular exams with regard to arterial pressure and nephritic parameters. The risk for nephrotoxic activity increases when the drug dose exceeds 5 mg/kg body weight/day, increased creatinine values are maintained, and in the elderly. Kidneys may be permanently damaged (tubulopathy, vasculopathy) in individuals who take CyA continually for over 2 years \[[@cit0012]\]. In short-term intermittent CyA therapy, renal dysfunction is usually transient. The risk for occurrence of nephrotoxic activity is lower in children than in adults. Less common adverse reactions occurring during CyA therapy include neurological symptoms, such as headache, convulsions, paraesthesia, as well as disorders of the gastrointestinal tract, infections, gingival hypertrophy, hypertrichosis, hyperlipidaemia, disorders in electrolyte levels, an increased risk for developing skin cancers and lymphoproliferative hyperplasia. Measurements of CyA blood concentration during the therapy with this drug is not required since CyA concentration correlated with efficacy and toxicity only in a slight degree.

Despite the lack of clinical proofs, it is recommended to discontinue CyA 2 weeks before planned vaccination, and start taking it again 4--6 weeks after the vaccination \[[@cit0002], [@cit0003]\]. During the CyA therapy, an effective UV protection should be used.

Dupilumab is an IL-4/IL-13 receptor α antagonist and the first biological drug in the world registered for treatment of moderate and server AD, which is not adequately controlled by recommended topical treatment or when such treatment is not recommended.

Dupilumab may be used as the second-line treatment in severe AD after the first failure of general therapy. The drug may be used with or without local glucocorticosteroids (GCs). Clinical studies confirmed its statistically significant clinical efficacy with regard to improvements in disease symptoms measured with the use of EASI (75%) and IGA scoring systems, and an improvement with ≥ 4 points of pruritus evaluation according to Numeric Rating Scale (NRS) as compare with the placebo control group. A decrease in sleep disorders, an improvement in quality of life, and good drug tolerance were confirmed. The most commonly observed adverse events included: local reaction after subcutaneous drug administration, and conjunctivitis. A high safety profile of the drug and lack of dose-dependent toxicity were presented. The drug is administered according to the following scheme: 600 mg in two injections with 300 mg, and then 300 mg subcutaneously every 2 weeks. There is available data that indicates its long-term efficacy and safety \[[@cit0013]--[@cit0015]\].

Oral glucocorticosteroids (GCs) are allowed for AD treatment with a limitation, mainly in adult patients, to the period of 1 week, in rigidly selected cases, and in disease exacerbation periods \[[@cit0002], [@cit0003]\]. An equivalent of 0.5 mg of prednisone/kg body weight should not be exceeded \[[@cit0003]\]. In everyday practice (different from published clinical study results) the most common reasons for discontinuation of treatment involving oral GCs are: adverse reactions, lack of treatment efficacy, lack of patient's co-operation, or abandonment of treatment by the patient after improvements in clinical condition have been achieved. During 10-year observational studies of AD-patients in the Netherlands, the lowest number of adverse reactions was noted during the treatment of oral GCs (5%), MMF (22%), and CyA (24%). More adverse reactions were observed after the treatment with AZA (38%) and MTX (41%) -- these adverse reactions regarded the gastrointestinal track in most cases. Then, the treatment was not effective in 15% of CyA and AZA cases, 20% of oral GCs cases, 44% of MMF cases, and 65% of MTX cases \[[@cit0016]\].

Methotrexate, AZA, and MMF may be used off-label in AD-patients if CyA is ineffective or there exist contraindications for its use \[[@cit0003]\].

Methotrexate (MTX) is recommended for treatment of severe AD cases resistant to other treatment methods. It is highlighted that it is the second, after CyA, most frequently used drug in treatment of severe AD. Referenced literature included a number of reports on safety and efficacy of MTX in AD. The studies most often regard adults. There are also single reports on efficacy and safety of MTX usage in children \[[@cit0016]--[@cit0019]\].

Currently MTX is recommended in AD treatment in adults in doses similar to the ones used in treatment of psoriasis, i.e. 10--20 mg/week. The drug may be used in one dose once a week, but it is more often used in three doses of 2.5--7.5 mg every 12 h once a week \[[@cit0017]--[@cit0019]\]. Other authors recommend to use MTX in the dose of 7.5--25 mg/week in adults, and 0.2--0.7 mg/kg/week in children \[[@cit0017]\]. The treatment is usually tolerated well, but it should be remembered that severe adverse reactions may occur. It is believed that frequency and intensity of adverse reactions is associated with the dose. Adverse reactions were reported mainly after the use of large MTX doses. More common ones included: hepatotoxicity, bone marrow suppression, pneumonocirrhosis, and renal insufficiency. Methotrexate is teratogenic -- women and men should use effective contraception during the treatment and, according to SPC, for 6 months after its discontinuation \[[@cit0016]--[@cit0019]\].

Azathioprine (AZA) is used off-label in treatment of severe atopic dermatitis cases in adults resistant to other treatment methods, i.e. when CyA is noneffective or contraindicated. AZA may be also used off label in children \[[@cit0003]\]. A precise mechanism of AZA in AD has not been fully examined. *In vitro* studies suggest that AZA exerts suppressive and toxic influence on Langerhans cells. It is emphasized that AZA is really effective in AD treatment, however, due to AZA's mechanism, therapeutic effects of the drug may be delayed. In some patients, full therapeutic effects are reached even after 12 weeks or later.

It is recommended to use AZA in the dose of 1--3 mg/kg body weight/day. Prior to commencement of the treatment, thiopurine methyl transferase (TPMT) activity should be determined, since this enzyme participates in metabolism of 6-mercaptopurine, and in individuals with a congenital insufficiency of this enzyme, an increased myelosuppression may occur \[[@cit0003]\]. Thiopurine methyl transferase gene mutations may influence the efficacy and safety of treatment with AZA. Measuring the TPMT level allows for adjusting an individual dose to the patient, and decreasing the risk of bone marrow damage \[[@cit0020]--[@cit0026]\]. Individual authors used the drugs in severe AD in children and showed that it was effective. Toxic influence exerted on the bone marrow was not observed \[[@cit0024], [@cit0025]\]. Furthermore, it was showed that AZA not only improves the clinical conditions, but also decreases the level of total IgE in children and youths with AD \[[@cit0026]\].

Azathioprine shows a number of adverse reactions. The most commonly observed include bone marrow damage and disorders of the immune system. Moreover, the following are also observed: vascular disorders (vasculitis), gastrointestinal disorders (nausea, emesis), and disorders involving the liver. Therefore, it is necessary to monitor transaminases and complete blood count during the treatment. According to the summary of product characteristics, within first 8 weeks of treatment, complete blood count examination should be performed once a week. During a later treatment period, the frequency of tests may be decreased to one test per month, and then, to one test per 3 months. In case the level of leucocytes or blood platelets drops below the normal limit, and in case other adverse reactions occur, the drug dose should be lowered.

While using AZA, patients should not be vaccinated with vaccines containing live microorganisms. Since AZA exhibits teratogenic activity, it should not be used during pregnancy. Furthermore, the drug should not be used during breastfeeding period. Azathioprine should not be combined with UV -- an effective protection against UV should be used \[[@cit0003], [@cit0026]\].

Mycophenolate mofetil may be used off label in treatment of adults with AD in the dose of up to 3 g/day if CyA is ineffective or contraindicated. Mycophenolate mofetil may be used in treatment of children and youths with AD. Mycophenolate mofetil is teratogenic -- men and women must use effective contraception \[[@cit0003]\].

Antihistamines {#sec2}
==============

There is no sufficient proof to use first- and second-generation antihistamines for treating pruritus in AD. First-generation antihistamines may inhibit histamine activity in subcortical regions of the central nervous system, and simultaneously exert anti-pruritic and sedative influence, what may be beneficial in case of patients with AD, who have problems with falling asleep and suffer from sleep disorders. Second-generation antihistamines are especially useful in patient with AD that is accompanied by conjunctivitis or allergic rhinitis \[[@cit0003]\]. A higher specificity of the bond to histamine receptor H1, a longer halflife period, and hydrophilic structure of second-generation antihistamines contributed to an increased efficacy and safety of use of second-generation antihistamines \[[@cit0007], [@cit0027]\].

Allergen-specific immunotherapy {#sec3}
===============================

Allergen-specific immunotherapy is the only causal treatment for AD-patients. Indications for allergen-specific immunotherapy in AD-patients include cases with insufficient response to existing treatment and documented allergy to IgE-dependent airborne allergens \[[@cit0003], [@cit0028]--[@cit0031]\]. Allergen-specific immunotherapy for AD shows considerable clinical efficacy in treatment of patients with signs of being allergic to both year-round and seasonal airborne allergens, especially in patients allergic to one allergen group \[[@cit0003], [@cit0031]\]. So far, clinical effects with the use of allergen-specific immunotherapy in patients allergic to dust mites and pollens have been documented best \[[@cit0030], [@cit0031]\]. There are no contraindications to deallergize patients with AD or concomitant other atopic diseases, such as allergic rhinitis or mild bronchial asthma \[[@cit0003], [@cit0031]\]. Effective allergen-specific immunotherapy depends on proper patient qualification, proper choice of the vaccine composition, and proper execution of the therapy. Vaccine composition should be based on results of a detailed physical examination, interview, and reliable diagnostics based on skin prick tests and measurement of serum asIgE. Proper choice of vaccine composition, and the order of their administration in cases of patients suffering from AD with polyvalent allergies determined the success of allergen-specific immunotherapy. While planning the therapy for AD-patients, allergological diagnostics should not be limited to skin prick tests, but should be supplemented with measurement of asIgE levels for proper allergens by means of brand new diagnostic methods, e.g. component-resolved \[[@cit0029]--[@cit0031]\].

Adverse reactions occur mainly during an induction phase of the allergen-specific immunotherapy, and are of mild as well as transient nature. Most often they take a form of erythema and skin oedema at site when the vaccine was administered. Systemic reactions are less common and occur as focal reactions distant from the allergen administration site, or there are general symptoms. Exacerbations of rhinitis or asthma as well as occurrence of skin pruritus and urticaria are observed. Non-specific symptoms, such as increased temperature, headaches, dizziness, fatigue, and muscle tiredness, are less frequently reported. Individual cases can involve a drop in arterial blood pressure, laryngeal oedema, or even anaphylactic shock. Usually, adverse reactions of allergen-specific immunotherapy are mild as well as transient, and include, first and foremost, the skin. However, while using allergen-specific immunotherapy, one should always be prepared for a pharmacological intervention and have anaesthesiologic protection \[[@cit0031]\]. This therapy should be conducted systematically for at least 4--5 years by an expert physician, with satisfaction of safety requirements, and allowing for occurrence of adverse reactions \[[@cit0030], [@cit0031]\].

Probiotics {#sec4}
==========

Probiotics were examined with regard to possible application in AD treatment. A justification of the use of probiotics is that bacteria they contain induce immunological response type Th1 instead of Th2, what is to inhibit production development of IgE antibodies. Some reports show an enormous benefit associated with the use of probiotics in AD prevention and treatment. These studies show inconsistent results and require to be confirmed \[[@cit0032]--[@cit0036]\].

Alternative treatment {#sec5}
=====================

Balneotherapy with thermal water may be taken into consideration in treatment of mild and moderate AD. Cohort studies show that balneotherapy with thermal water with/without phototherapy may be effective in mild and moderate AD \[[@cit0003], [@cit0037]\].

There is no proof of efficacy for acupuncture, acupressure, bioresonance, Chinese herbs, homeopathy, and massage/aromatherapy in the treatment of AD \[[@cit0003]\]. Yet, a risk for developing a secondary contact allergy is observed after e.g. application of lavender oil that contains up to 40% of linalool \[[@cit0038], [@cit0039]\]. Acupuncture, acupressure, bioresonance, homeopathy, and Chinese herbs are not recommended in AD treatment \[[@cit0003]\].

New methods of therapy {#sec6}
======================

A phosphodiesterase 4 (PDE4) inhibitor for topical application in AD therapies that since 2016 has been available only in the US. In clinical studies including children above the age of 2 with mild and moderate AD, crisaborole was used twice a day for 4 weeks with the following results: a reduction of lesions on IGA scale was achieved, and pruritus was significantly reduced after 2 days of treatment. The studies lasted 48 weeks and confirmed efficacy and safety of crisaborole. Observed adverse reactions included pain, and infections at the sited of administration \[[@cit0040]--[@cit0042]\].

Currently, a number of new drugs for AD therapies are at the clinical study phase, including biological drugs, phosphodiesterase 4 (PDE4) antagonists, and protein kinase inhibitors (JAK) \[[@cit0043]--[@cit0046]\]. It appears that personalized/individual medicine is the future of AD therapies. On the basis of measuring biomarkers specific for particular disease endotypes, it will be possible to qualify patients to proper therapeutic groups, and implement effective targeted treatment \[[@cit0047]\].

Conclusions {#sec7}
===========

While treating AD-patients the following factors are of key importance: experience and close co-operation with patients and/or their families, education, prophylaxis, avoidance of factors exacerbating the disease, restoring dysfunctional skin barrier functions, containing pruritus, and elimination of inflammatory lesions as well as skin infections. The patients require frequent multi-specialist consultations, and in serious cases, hospitalizations at wards dealing with treatments of this disease.
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